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Publication Title: 

RECOVERING METHOD OF C02 AND H2 FROM CONVERTER GAS 



Abstract: 

PURPOSE:To increase utilization by treating converter gas with a pressure 
swing adsorber (PSA), treating again with a PSA installed in series, and 
supplying the obtained H2 to a fuel cell to generate electric power and recovering 
exhaust heat as steam. 

CONSTITUTION:!^ converter gas is modified to H2, and treated with a pressure 
swing adsorber (PSA) 3 through a absorbin tower 1, and offgas RH2 which 
contains other gasses in addition to H2 is stored in a holder 4. The offgas RH2 is 
treated with a PSA 6 installed in series to obtain H2. The H2 obtained is supplied 
to a negative electrode 13 of a fuel cell 15 and reacted with oxygen in a positive 
electrode 14 to generate electric power. Exhaust gasses from the negative 
electrode 13 and the positive electrode 14 are supplied to a combustor 18 to 
completely burn and exhaust heat is recovered in a boiler 19. Therefore, electric 
power, steam, and fuel gas can be obtained from offgas from purification 
equipemnt of converter gas, and utilization is increased. 
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SPECIFICATION 
TITLE OF INVENTION 

Method of Recovering C0 2 and H 2 from Converter Gas 

WHAT IS CLAIMED IS: 

A method of recovering C0 2 and H 2 from converter gas in 

which converter, gas is modified, and then the C0 2 in the 
modified gas is absorbed in an absorption tower and C0 2 is 
obtained from the absorption solution, and then the 
absorption tower of fgas is pressurized and the pressurized 
gas is treated by a PSA (pressure swing adsorber) , wherein 
PSA of fgas is additionally treated by a PSA installed in 
series and then supplied to a fuel cell, with electricity 
obtained and the fuel cell completely combusting the 
of fgas, and the combustion heat is converted to steam and 
utilized. 
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DETAILED DESCRIPTION OF THE INVENTION 

[Industrial Field Of Application] 

The present invention pertains to a method of. 
recovering C0 2 and H 2 from converter gas generated from an 

LD converter, etc. when making steel and obtaining heat and 
electrical energy. 
[Prior Art] 

In recent years, LD converters, etc. used for making 
steel have sought to actively recover and effectively 
utilize the converter exhaust gas, which contains CO, C0 2 , 
and H 2 generated during operations. 

These converter gas components, on a volume standard 
(hereinafter the same) are C0 2 10-15%, H 2 1%, CO 65-75%, N 2 
10%, and 0 2 1%. 

This converter gas itself can be used as fuel gas, but 
sometimes a recovery method is performed in which this gas 
is used as a raw-material gas, with steam added to it to 
cause a shift reaction that makes carbon dioxide and 
hydrogen; this increases the added value. . 
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FIG. 2 is a process diagram of the conventional method . 
of recovering C0 2 and H 2 from LD converter gas. 

In the drawing, LD converter gas with the aforesaid 

composition is used as a raw material and passes through a 

modification step in which this gas is pressurized to 9-20 

kg/cm 2 , steam is added to it, a shift reaction is caused, 

and the gas components are modified. (More than this is not 

shown in the drawing.) 

Next, the modified gas is introduced to an absorption 
tower 1, the CO2 in the modified gas is absorbed in the 

potassium carbonate solution (K2CO3) that is the absorption 

solution and makes potassium bicarbonate (KHCO3); this is 

stripped with steam and the absorption solution becomes 
K2CO3 while the. stripped C0 2 gas is made into a product. 

The C0 2 is discharged, and the H 2 -rich offgas in the 

absorption tower 1 has its pressure increased from 9-20 
kg/cm 2 to 9-25 kg/cm 2 by a PSA compressor 2, and is treated 
by a PSA (Pressure Swing Adsorption device) 3. Gases other 
than hydrogen are adsorbed in the PSA by utilizing the 
pressure differential, and separated into product high- 

Shibata Language Services • 1450 NW 5th CT • Gresham OR 97030 
TEL: (503) 666-4327 • FAX: (503) 661-3141 
E-mail: shibatalanguage@compuserve.com 



Page : 5 

Japanese -» English Laid-open Patent Application No. Sho 62-278770 

Klarquist, Sparkman, LLP Ref. No. 6454-58227 

purity hydrogen (PH 2 ) and offgas (RH 2 ) . The off gas is 
stored in an HR 2 holder 4, and is exhausted as fuel for 
another process by a blower 5. 

An example of the components of the offgas in this case 
are C0 2 12%, H 2 58%, CO 3.5%, N 2 26%, and 0 2 0.5%. 

[Problems the Invention Is to Solve] 

As noted above, even though offgas in the conventional 
recovery method for recovering C0 2 and H 2 from converter 

gas contains about 60% H 2 , it is merely to be used for 
fuel . 

Hospitals, offices, etc. in the vicinity of a steel 
plant need steam, electricity, hot water, heating and 
cooling facilities, etc. Currently, as described 
previously, even though the C0 2 , H 2 , etc. recovered from 

converter gas are a beneficial energy source, there are 
many cases in which the demand of the aforesaid sort of 
public welfare and management facilities is met by 
purchased electricity, and heavy oil, etc. is used for hot 
water and heating and cooling. 
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The object of the present invention is to provide a 
method of efficiently recovering C0 2 and H 2 from converter 

gas that is relatively low in calories (500-1700 Kcal/Nm 3 ) 

for manufacturing equipment but high in hydrogen 

concentration, and of efficiently utilizing the energy 

contained therein. 

[Means for Solving the Problems] 

The present inventors focused on PSA off gas, which 

contains about 60% hydrogen in the conventional method, 

studied efficient utilization of this off gas, and arrived 

at the present invention. That is, the present invention is 
a method of separating and recovering H 2 from converter gas 

in which converter gas is modified, and then the C0 2 

component in the modified gas is absorbed in K 2 C03 solution . 

in an absorption tower and product C0 2 is obtained from the 

absorption solution, and then the absorption waste gas is 

pressurized and the pressurized gas is treated by a PSA; it 

is characterized in that PSA offgas is additionally treated 

by a PSA installed in series and then the gas (a gas with 
little CO component and a high-concentration H 2 component) 
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is supplied to a fuel cell, electricity is obtained, the 
fuel cell completely combusts the off gas, and the 
combustion heat is converted to steam and utilized. 
[Operation] 

In the inventive method of recovering C0 2 and H 2 from 
converter gas the PSA off gas, which contains about 60% 
hydrogen, is additionally treated by a PSA installed in 
series, and it is possible to efficiently recover high- 
concentration H 2 with a low CO component, so it is possible 

to supply it as fuel gas for a fuel cell. 

Furthermore, the fuel cell completely combusts the 
offgas and its exhaust heat can be recovered as steam, so 
it is possible to advantageously recover in a cost- 
effective manner various types of energy-electricity, 
steam, fuel gas, etc.— all at once. 

Next, embodiments shall be described. 
[Embodiments] 

FIG. 1 is a process explanatory diagram for inventive 
method of recovering C0 2 and H 2 from converter gas. 
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In FIG. 1, 1-4 are the same as in the aforesaid FIG. 2, 
so explanation thereof is omitted. 

Item 6 is a PSA installed in series, 7 is a vacuum 
blower, 8 is a blower, 9 is a valve, 10 is a heat 
exchanger, 11 is an air blower for a combustion, 12 is a 
fuel cell, 13 is a hydrogen electrode chamber (negative 
electrode) , 14 is an oxygen electrode chamber (positive 
electrode), 15 is electrolyte, 16 is a pump, 17 is a 
preheater, 18 is a combustor, 19 is a boiler, and 20 is a 
chimney. 

The inventive method shall be described based on FIG. 

1. 

The raw-material gas was LD converter gas (H 2 : 0.7%, 
CO: 69.8%, C0 2 : 14.7%, N 2 : 14.3%) at 1.298 Nm 3 /H. This gas 

was pressurized to 9-11 kg/cm 2 by a compressor, and then 

this gas was modified to hydrogen through a shift reaction 
using steam, and then the C0 2 in the gas was absorbed in 

K 2 CC>3 solution, the absorption solution was stripped with 

steam, and product C0 2 was obtained. Next, the absorption 

tower l's off gas was pressurized to 16 kg/cm 2 by the PSA 
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compressor 2, and treated by the PSA 3. 

In the PSA 3, gases other than H 2 were . adsorbed by 

adsorbent in the tower, and [the off gas] was separated into 
product H 2 and off gas RH 2 containing gases other than H 2 . 

The off gas RH 2 was temporarily stored in a holder 4, 
and by controlling a valve 9 was treated at the next' PSA 6 
by a suitable blower 8 (2000 nm water column) . 

The treated hydrogen gas from the PSA 6 (553 Nm 3 /H) was 
treated by the PSA 6, so it contains H 2 89.5%, CO 1.1%, C0 2 
0.4%, and N. 2 9%; it is something that can be supplied to a 
fuel cell. 

Next, an embodiment for recovering electricity and 
steam from the fuel cell shall be described. 

The treated hydrogen gas from the aforesaid PSA 6 was 
sucked in by the vacuum blower 7, and at the heat exchanger 
10, the off gas temperature was heat -exchanged with waste 
gas after recovering combustion exhaust heat from the fuel 
cell 12's offgas and raised to 90°C, and introduced to. the 
hydrogen electrode (negative electrode) of the fuel cell 
12. 
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Meanwhile, air 2000 nm 3 /H was supplied to the heat 
exchanger 10 by the blower 11 and heated to 120°C; this air 
was introduced to the fuel cell 12 's oxygen electrode 14. 

The fuel cell 12 uses an aqueous phosphoric acid 
solution 15 as its electrolyte, and has two electrodes made 
of platinum and ruthenium surrounding this. 

At the negative electrode (hydrogen electrode 13), the 
introduced oxygen gas passes through tiny holes in the 
electrode, comes close to the reaction zone, is adsorbed by 
catalyst added to the electrode, and becomes active atomic 
hydrogen. This atomic hydrogen reacts with hydroxide ions 
in the electrolyte as in the following equation and becomes 
water, and when doing so transports two electrons to the 
electrode. 

H 2 + 20H~ -> 2H 2 0 + 2e~ 

At the positive electrode (oxygen electrode 14), the 
two electrons from the electrode are received, based on the 
presence of the catalyst, and oxygen molecules in the air 
supplied from outside react with water from the electrolyte 
and generate a hydrogen peroxide ion and a hydroxide ion as 
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in the following equation. The hydrogen peroxide ion comes 
into contact with the catalyst and breaks down and forms a 
hydroxide ion and oxygen. This oxygen is utilized in the 
electrode reaction once again. Therefore/ the positive 
electrode reaction is : 

1/2 0 2 + H 2 0 + 2e" -> 20H~ 

The hydroxide ions generated by this positive electrode 
14 are transported in the electrolyte 15 and reach the 
negative electrode 13 . This formed an entire circuit and 
produced 740 KW of electricity. 

The 190 "C offgasses from both the negative electrode 13 
and positive electrode 14 of the fuel cell were introduced 
to the combustor 18 and completely combusted. The 430 °C 
combustion exhaust gas [was supplied to] the boiler 19, 
where its waste heat was recovered and 6 kg/cm^ of 
saturated steam 0.7T/H was recovered. 

Furthermore, a preheater 17 for pure water was provided 
inside the negative electrode 13 ' s chamber, and after 
preheating [this water] was supplied to the boiler 19. 
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The boiler 19 's offgas [was supplied to] the heat 
exchanger 10 and [used to] preheat the gas supplied to the 
fuel cell and air as described earlier and then vented from 
a chimney 20. 

As a result, the value of converter gas was increased 
1.86 times compared to the conventional method. 
[Effect of the Invention] 

The following sorts of effects are achieved by the 
inventive method of recovering CO2 and H 2 from converter 

gas . 

(1) Electricity, steam, fuel gas, etc. can be obtained 
all at once from offgas from converter gas purification 
equipment, and it is possible to give converter gas 
higher added value. 

(2) It is possible to respond to a varied demand for 
electricity, steam, fuel gas, etc., so one can 
rationalize the facilities in the vicinity of a steel 
mill. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a process explanatory drawing for the 

inventive method. FIG. 2 is a process explanatory drawing 

for the conventional method. 

In the drawings, 1 is an absorption tower, 2 is a PSA 
compressor, 3 is a PSA, 4 is a RH 2 holder, 6 is a PSA 

(of f gas treatment) , 7 is a vacuum blower, 8 is a blower, 9 
is a valve, 10 is a heat exchanger, 11 is an air blower, 12 
is a fuel cell, 13 is a negative electrode (hydrogen 
electrode), 14 is a positive electrode (oxygen electrode), 
15 is electrolyte, 17 is a preheater, 18 is a combustor, 
and 19 is a boiler. 

Furthermore, codes that are the same in both drawings 
indicate equivalent parts. 

Agent: Masatoshi Sato, Patent Agent 
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FIG. 1 

1: Absorption tower 

2: PSA compressor 

3: PSA 

4: RH 2 holder 

5: Blower 

6: PSA (off gas treatment) 

7 : Vacuum blower 

8: Blower 

9: Valve 

10: Heat exchanger 

11: Air blower 

12: Fuel cell 

13: Negative electrode (hydrogen electrode) 

14: Positive electrode (oxygen electrode) 

15 : Electrolyte 

16: Pump 

17 : Preheater 

18: Combustor 

19: Boiler 
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Chimney 
FIG. 2 

★ * * 

While all translations are carefully prepared and reviewed, 
please note that liability for incidental or consequential 
damages occasioned by omissions, additions, or differences 
of interpretation shall not exceed the translation fee. 
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